Pulmonary fibrosis (PF) is a class of diseases with aberrant scarring of the lung tissue that leads to progressive loss of function. The most common form, idiopathic PF (IPF), has a high mortality and limited treatment options. Historically, PF was thought of as a chronic inflammation--driven condition, as multiple proinflammatory cytokines and chemokines are found to be elevated in subjects with PF and in experimental animal models ([@bib1]). However, the PANTHER (Prednisone, Azathioprine, and *N*-acetylcysteine) trial, which used antiinflammatory and immunosuppressive medications to treat IPF, failed to improve physiological parameters, and in fact led to increased mortality and hospitalizations in the treatment group ([@bib2]). Clearly, there are still many gaps in our knowledge regarding the observed elevated inflammatory markers, their biological properties, and their potential as therapeutic targets.

CCL2 and its receptor, CCR2, are among the most extensively studied pairs of chemokines and receptors in PF. Elevated CCL2 has been found in BAL fluid and serum samples from subjects with IPF ([@bib3], [@bib4]). Moreover, alveolar epithelial cells (AECs) within fibrotic areas were reported to have augmented CCL2 expression in subjects with IPF ([@bib5]). In animal models of PF, CCL12, the analog of CCL2 in humans ([@bib6]), was found to be elevated in lung tissue of mice developing fibrosis, and CCR2^−/−^ mice were shown to be protected from developing PF ([@bib3], [@bib7]). The data on CCL2^−/−^ mice are inconclusive, as Baran and colleagues found that CCL2^−/−^ mice were protected when they used a peritoneal bleomycin administration model, but in an FITC intratracheal installation model the CCL2^−/−^ mice were not protected ([@bib3], [@bib8]). The biological relevance of the increased levels of CCL2 has been proposed to arise from its ability to recruit a group of profibrotic cells, termed fibrocytes, that express CD45 and mesenchymal collagen I ([@bib9]). Despite the abundant observational and preclinical data, a clinical trial using a monoclonal antibody to CCL2 failed to show any protective effects of neutralizing CCL2 in subjects with IPF, and was stopped prematurely owing to a greater loss in forced vital capacity in the treatment group, although the overall mortality was not different compared with placebo ([@bib10]). Unexpectedly, subjects who received the CCL2 monoclonal antibody actually had higher total and free CCL2 in their serum than the placebo-treated subjects. This paradoxical observation gave rise to a theory that a compensatory mechanism may exist in the presence of CCL2 blockade. In addition, global CCL2 blockade could be deleterious, as CCL2 might work in other important antifibrotic pathways that remain to be determined. A recent paper showed that one target of CCL2 is CCR2^+^CD4^+^ T cells ([@bib11]). These T cells function similarly to regulatory T cells and were found to exert an antifibrotic effect in an experimental animal model.

In a study presented in this issue of the *Journal*, Yang and colleagues (pp. [622--632](10.1165/rcmb.2019-0297OC)) generated both CCL12 global knockout mice and a conditional CCL12 deletion in AECs ([@bib12]). The authors compared CCR2 ligand expression in these mice using a bleomycin-injury model. They found that CCL12 global knockout in mice led to a compensatory elevation of CCL2 and CCL7 in lung tissue and BAL fluid compared with wild-type mice. Furthermore, the CCL12 global knockout mice were not protected from developing fibrosis, suggesting that other CCR2 ligands have an equally important role in fibrosis. In contrast, the conditional AEC CCL12 knockout mice (driven by SPC-rtTA/tetO-Cre promoter) were protected. CCL2 and CCL7 levels in lung tissue and BAL fluid did not differ from those observed in control mice after bleomycin injury. Because CCL2 is known to be highly expressed in AECs of subjects with IPF, these data suggest that CCL12 expression plays an important role during fibrogenesis, and that the selective deletion of CCL12 in AEC may serve as a potential target for intervention.

Mechanistically, the authors propose that AEC-derived CCL12 recruits exudate macrophages, and deletion of CCL12 leads to reduced exudative macrophage recruitment to the lung after bleomycin injury. In addition, CCL2 and CCL12 activated mTOR, and inhibition of mTOR with a chemical inhibitor (torin) or silencing of an mTORC1 component, raptor, reduced CCL2 and CCL12 production in epithelial cells; however, the involvement of mTOR was not determined *in vivo*. A previous study in CCL2^−/−^ mice showed a reduced number of macrophages after bleomycin administration ([@bib3]). Given recent studies demonstrating that monocyte-derived macrophages promote fibrosis progression ([@bib7], [@bib13], [@bib14]), it is not surprising that exudate macrophages (defined in this article as SiglecF^−^ CD11c^+^autofluorescent^+^) were reduced in mice harboring a conditional deletion of CCL12 in AECs.

Although the study by Yang and colleagues provides new evidence that conditional knockout of CCL12 in AECs can protect mice from PF, many questions remain unanswered. The biological properties of exudate macrophages need to be further defined by gene expression profiling or transcriptome analysis to verify that these cells are indeed profibrotic. It has been reported that mTORC1 regulates CCL2 production by activating the transcription factor FOXK1 in HeLa cells, and increasing CCL2 production leads to augmented recruitment of tumor-associated macrophages, which share many similarities with profibrotic macrophages ([@bib15]). Although the data presented by Yang and colleagues show inhibition of the mTOR pathway with torin (which inhibits both mTORC1 and mTORC2) or raptor shRNA (mTORC1 complex), it is unclear whether mTORC2 (rictor) also contributes to the regulation of CCL2 production in AECs. The PI3K/Akt/mTOR pathway is an important regulator of cell senescence, which is a cardinal feature of IPF ([@bib16]). It is unclear whether changes in CCL2 production have any effects on cell senescence, proliferation, or survival. AECs from CCR2^−/−^ mice exposed to bleomycin have increased caspase 3 activity ([@bib7]); however, it is critical to determine whether the conditional deletion of CCL12 in AECs attenuates apoptosis, as these mice are protected from PF.

In this study, Yang and colleagues are the first to generate complete and AEC-specific CCL12 knockout mice and to characterize their role in PF. Their transgenic mice have the potential to become a powerful tool in future research assessing the role of chemokines in PF and whether we can target this pathway for drug development. This article also highlights a new population of cells, exudate macrophages, that CCL12 targets to provide additional information about the vital role of macrophages in fibrogenesis.
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